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Objectives: Adjustment is a short term response in the body that is associated with 
exercise. The objective of the study was to observe the adjustment in blood pressure 
during rest, exercise and recovery in Manipuri elite long distance runners. Design: 
Observational study. Methods: 12 Manipuri elite long distance runners underwent a 12 
minutes treadmill stress test following the standard Bruce protocol. Blood pressure 
monitoring was done at resting (supine, standing, and hyperventilation), during 
exercise, and recovery stages during treadmill test by mercury sphygmomanometer 
with auditory confirmation. Descriptive analysis was used to interpret the data and 
Mann-Whitney U test to compare the mean. Results: In male runners, the mean resting 
blood pressure (BP rest) was SBP/DBP (±SD); 118/70 (±7/6) mmHg and rose up-to 
maximum blood pressure (BP max) of SBP/DBP (±SD); 163/90 (±8/0.0) mmHg whereas, in 
the female runners, mean resting blood pressure was SBP/DBP (±SD); 110/70 (±6/6) 
mmHg rose up-to maximal blood pressure of 148/86 (±9/5) mmHg. In male runners, 
DBP increases slightly during exercise and becomes plateau at steady stage at 6 minutes 
of exercise. The mean recovery blood pressure (BP rec.) value at 3 minutes in male 
runners indicated higher chances of future hypertension. Rate of perceived exertion of 
the runners’ measure through Borg CR10 scale rating ranges from 3-5. Conclusions: 
SBP and DBP value did not change at resting phase i.e. supine, standing, and 
hyperventilation position. However, SBP increases rapidly with the onset of exercise 
and the increase in the DBP is slow and steady yet reaches the plateau faster than the 
SBP. Regular blood pressure monitoring is recommended for athletes to diagnose 
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hypertension and prevent from sudden cardiac arrest during physical training and 
competition.  
 




Regular physical activity and training are associated with reductions in blood pressure 
(BP), yet elevated BP is one of the most common abnormalities found during the pre-
participation physical evaluation of athletes1. An excessive rise in either systolic blood 
pressure; SBP (over 260 mmHg) or diastolic blood pressure; DBP (over 115 mmHg) 
indicated an abnormal exercise response and is considered a major reason for 
discontinuing the exercise test or exercise session2. The increase in systolic blood 
pressure is caused by the increased cardiac output, which outweighs the decrease in 
resistance. An excessive elevation of SBP during exercise testing has been a stronger 




2.1 Participants  
To see the BP adjustment to 12 minutes multistage treadmill exercise, probability 
proportional to size sampling design was adopted on twelve (12) Manipuri elite long 
distance runner (LDR) out of 24 runners, based on the inclusion criteria: Manipuri 
healthy elite LDR (≥ 3 km and above) with no history of chest pain, heart diseases, 
hypertension, non-smoker, and their continuous regular practice for participating in 
international competitions and represented Manipur who won medals in state, national 
level and international running events were recruited for the study, and the exclusion 
criteria: Novice runners` (Beginners < 15 years), recreational runners and master 
athletes (> 35 years) were not included in the study. For the present study, healthy elite 
long distance runners of Manipur, India were selected as subject since it is believed that 
an endurance exercise training can produce numerous metabolic and cardio vascular 
effects to the athletes.  
 
2.2 Study design 
This pilot study was conducted on 12 elite Manipuri long distance runners before 
undergoing the actual cardiovascular stress test using standard Bruce protocol 
treadmill. The study design was an observational study on elite Manipuri LDR to study 
the blood pressure adjustment to 12 minutes multistage treadmill exercise test for 
prediction of hypertension. The Institutional Human Ethics Committee, Manipur 
(IHECM) at Manipur University had given the ethical approval. Written signed witness 
consent was obtained from the Athletic Association, the coaches and the athletes 
according to the guidelines of the CTRI (Clinical Trail Registry, India) CTRI Regd. 
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The entire test was done on standard Bruce protocol motorized treadmill (GE 
CardioSoft, V6.62 (2), USA) at exercise physiology laboratory of Babina Diagnostic 
Centre, Imphal (An ISO Company) under similar air condition environmental 
conditions (20◦C, 50% relative humidity) at the same time of the day (13:00 – 15:00 
standard time) for 4 days with the help of certified medical personnel. All of them had 
previous experience with treadmill running, including a thorough familiarization 
session (duration ~ 10 min). Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were measured at resting and end of every stage (pretest, exercise stages, and 
recovery stage) manually by mercury sphygmomanometer with auditory confirmation 
at the right side of brachial artery. Functional capacity of the heart was measured in 
metabolic equivalents (or METs, where one MET is 3.5 ml/kg/min of oxygen 
consumption) given by Jette M.4 Mean arterial pressure (MAP) was calculated from the 
equation given by Salvi P. (2012)5: MAP = DBP + (SBP – DBP)/4. Where, SBP indicates 
Systolic blood pressure and DBP means Diastolic blood pressure to observe the average 
arterial pressure during a single cardiac cycle. Rate of Perceived Exertion (RPE) was 
measured by using Borg CR106 rating scale. 
 
2.4 Statistical analysis 
Owing to the relatively small size (n = 6 and n = 6 in male and female group 
respectively), the non-parametric Mann-Whitney U test was used to compare the mean 




All the runners completed treadmill exercise without shoes up to 12 minutes (Stage 4 at 
4.2 mph up a 16 % grade, workload; 13.3 METS) with a mean energy expenditure of 46.6 
ml/kg/min (one MET is 3.5 ml/kg/min of oxygen consumption) approximately. The 
physiological adjustment of the runners is shown in Table 1. In male runners, the mean 
resting blood pressure (BP rest) rose from SBP/DBP (±SD); 118/70 (±7/6) mmHg to 
maximum blood pressure (BP max) of 163/90 (±8/0.0) mmHg. Whereas, in female 
runners, mean resting blood pressure was SBP/DBP (±SD); 110/70 (±6/6) mmHg rose up-
to maximal blood pressure of 148/86 (±9/5) mmHg (Fig. 1).  
 SBP of male runners during exercise did not vary in pretest i.e. supine, standing, 
and hyperventilation stage (118.3±7.5 mmHg). SBP of male runners compared with 
female runners, it increases significantly at 3 minutes warm up stage (walking at 1.7 
mph up a 10% incline) at p < 0.05, stage 1(1.7 mph at a 10% grade, 5 METS) at p < 0.01, 
and stage 2 (2.5 mph at a 12% grade, 7 METS) at p < 0.05 as shown in Table 2. The DBP 
in male runners initially increased at the onset of exercise and becomes plateau at 
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steady state (90mmHg) at 6 minutes (Stage 3) during exercise stress test which indicated 
that the energy expenditure provided during exercise is balanced with the energy 
required to perform the exercise.  
 In female runners, steady state was not seen during the exercise at the end of 12 
minute exercise. The recovery blood pressure (BP rec.) at 3 minutes for male and female 
runners was 143.3±8.2mmHg and 140±0.0 mmHg respectively. The blood pressure 
variation (Δ BPV) during the sub-maximal exercise was Δ SPV/ Δ DPB (±SD); 
45/20(±5/6) mmHg and 38/11 (±9/4) mmHg in male and female athletes respectively. The 
female athletes had significantly lowered resting systolic blood pressure (SBP rest), 
maximum systolic blood pressure, (SBP max), and delta blood pressure (Δ DPV) than 
male runners at p < 0.05. There was no significant difference between male and female 
runners in mean arterial pressure (MAP) which indicated an average BP during a single 
cardiac cycle during 12 minutes incremental treadmill exercise. 
 Functional capacity of heart measured in term of METS values indicated 
excellent heart function (i.e. > 13.3 METS) with response to the exercise. Inappropriate 
BP response to exercise, abrupt BP increases and decreases such as slow acceleration 
and an inappropriate rapid deceleration as well as symptoms such as exercise 
intolerance, chest pain, dizziness, angina, vertigo, and vomiting were not seen among 
the runners. The rate of perceived exertion of the runners’ measure through Borg CR10 
scale rating ranges from 3-5.  
 
3.1 Discussion 
Many researchers suggested pre participation examination of athletes before 
participating in vigorous exercise training and they are usually thought to be free of 
cardiovascular disease and hypertension because of their apparently high level of 
fitness7. Athletes should be screened for hypertension since regular physical activity 
appears to counteract sympathetic nervous system activation, which is one of the 
physiological mechanisms responsible for development of hypertension and target 
organ damage8. The sixth report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure9 suggested that if 
hypertension is diagnosed, appropriate treatment should be started to reduce the risk of 
morbidity and mortality associated with cardiovascular disease. Most of the previous 
studies conducted on athletes for pre-participation examination monitor BP at rest. 
However, in this study, the blood pressure of the athletes was monitored during rest, 
during stress and recovery after giving stress to the heart since the recorded BP during 
and after exercise can give us valuable information clinically10.  
 The result in the present study suggested that the mean blood pressure of the 
elite Manipuri runners at resting phase falls into optimal stage (SBP <120mmHg; DBP 
<80mmHg) when compared with the classification given by the sixth report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (1997)11. This result indicated that the elite Manipuri long distance 
runners have lower blood pressure than normal people (SBP <130mmHg, DBP 
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<85mmHg) which may be due their aerobic type of training. This result is supported by 
the study on Indian by Punia S. and team and Sandip M. Hulke12 on blood pressure. 
Punia S. and co-author found that aerobic training reduces the blood pressure in 
Indians and there was mean reduction of −05.00 mmHg in SBP and −03.09 mmHg in 
DBP after aerobic training. Sandip M. Hulke and co-author concluded that exercise 
training over a period of sixteen weeks found a significant decrease in systolic and 
diastolic blood pressure at the end of sixteen-week moderate intensity endurance 
exercise program. However, this study is not aligned with the study by De Matos L.D., 
Caldeira N.A., Perlingeiro P.S.13 ; Sealy D.P., Pekarek L., Russ D. ; Leddy J.J., Izzo J.14; 
Corrado D., Basso C., Schiavon M.15 reviewed by Berge H.M. and their team16 where 
they found that high BP is the most common abnormal finding during pre-participation 
cardiac screening of athletes. Also according to our study, it is observed that SBP did 
not change at supine, standing, and hyperventilation in resting stage which is on the 
contrary of the findings of the study by Eser I. and co-author17 on Turkish healthy 
young adults where they found that blood pressure tend to drop in the standing 
position compared with the sitting and supine position. They also found that systolic 
and diastolic blood pressure was the highest in supine position which again is not in 
agreement with our findings. 
 Although blood pressure is usually measured during and in recovery from a 
stress test, there are no clearly established figures of an abnormal response10. However, 
few studies show a relationship between an abnormal response and future 
hypertension and cardiovascular mortality. According to American College of Sports 
Medicine exercise testing guidelines, SBP and DBP rose > 260 mmHg and >115 mmHg 
respectively during exercise indicated abnormal responses to exercise. In the present 
study, the SBP and DBP rose up to mean of 155.8±11.7mmHg and 88.3±3.9mmHg 
respectively at stage 4 Bruce protocols which indicated normal responses to the given 
stress and they can continue the exercise further. However, the exercise was stop at 
stage 4 which is one of the limitations in our study. 
 With regard to BP during recovery, Singh et al.18, in the Framingham Heart Study 
suggested a value that SBP recovery at 3 minutes 142 mmHg indicated a predictor of 
future hypertension in men. He further added that no standard values have been 
determined which are accepted globally, perhaps in part, due to the different methods 
used in their studies. According to our study, elite Manipuri male runners have a 
higher chance of future hypertension. So, it may be suggested that regular blood 
pressure measurement for the athletes will be beneficial for them to prevent sudden 




BP might not significantly change in supine, standing, and hyperventilation. 
Nevertheless, the SBP increased rapidly with the onset of exercise while the increase in 
the DBP is slow and steady yet reaches the plateau faster than the SBP. Regular blood 
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pressure monitoring is recommended for athletes to diagnose hypertension and prevent 
from sudden cardiac arrest during physical training and competition. Monitoring BP at 
rest might not give us the actual figure of the cardiovascular response to predict the 
chances of future hypertension but monitoring the BP response after giving stress to the 
heart will give a clear picture of the functioning of the cardiac. 
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Table 1: Physiology Adjustment during Rest and Peak Exercise 
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